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Abstract 
The recently published Highway Safety Manual (HSM) has defined seven different driveway  types based on land use and 
parking lot size, including major commercial, minor commercial, major industrial-institutional, minor industrial-institutional, 
major residential, minor residential, and other.  Major driveways are defined as having more than 50 parking spaces, while minor 
driveways are defined as those having fewer than 50 parking spaces. The HSM crash prediction models require the inputs of 
driveway type and density. However, the actual impacts of different types of driveways on the number of crashes are not clear. 
The crash modification factors provided were based on few past studies, with high standards of error.  The purpose of this 
research is to develop a method to quantify the impact of driveway types and density on traffic crash frequencies, types, and 
severities.  The different driveway types were collected in the state of Illinois and crashes occurring in the impact area of each 
driveway were identified from the IDOT crash database (from 2005 to 2009).  A cross section comparison was conducted to 
compare the mean crash frequency and crash rates among different driveways.  A further statistical analysis was used to develop 
a relationship between each driveway type and crash rates.  
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1. Introduction 
The definition of access management in the Access Management Manual (Committee on Access Management 
2003) can be summarized as the systematic control of all access points to a roadway. The control of access includes 
spacing, design, operations of driveways, medians type, interchanges and street connections. Reducing number of 
driveway and driveway density has been an important access control technique widely used and approved to be 
effective in roadway safety improvements. All known past studies have widely used access density or driveway 
density to predict the safety effect of driveway on roadways.  The results are a measure of safety that cannot be 
directly associated to one driveway or type of driveway. For example, safety improvements have been identified for 
the reduction of driveways per mile, commonly in groups of 5 to 10. Few past studies investigated the difference 
among different driveway types defined in the recent Highway Safety Manual (HSM). There is a need to separate 
the effects of each driveway by type for the purpose of expressing the safety impacts that each driveway has on a 
roadway.  
This study investigates the impact of four different driveway types on urban arterial roadways with four lanes and 
a two-way left turn-lane (TWLTL) using crash data from the state of Illinois and uses a statistical approach to 
identify the safety impacts. 
2. Literature Review 
An extensive literature review identified the following factors as having influence on driveway safety: driveway 
spacing, proximity to and between intersections, signalized intersection spacing and signal coordination, driveway 
density, road design elements, land use, and median configuration (Dixon, et al. 2012).  An important finding by the 
American Association of State Highway Transportation Officials (AASHTO) was that access control on roadway 
segments can lower crash frequencies by 50 to 75 percent (AASHTO, 2004).The effects of driveways on safety have 
been investigated in many past studies (Gluck, et al. 1999; Papayannoulis et al., 1999; Brown et al., 1999; Mouskos 
et al., 1999; Eisele et al., 2005), usually showing an increase in crashes with an increase in access points per mile 
with focus on multiple access points (e.g. increasing from 10 to 20 driveways).   
The safety impacts of access points per mile have also been documented for many years, showing an increase in 
crash frequencies as access density increases.  Many studies show an exponential increase in crash frequencies as 
access density increases including access from properties in the form of driveways.  The safety impact of access 
density has also been found to be affected by roadway geometry, operational speed, and traffic volumes (Gluck et al. 
1999; Stover et al., 1982; Levinson, 2000; BRW Consulting Group, 1998; Millard, 1993).  Roadway geometry 
effects are most evident with median type and lane configurations, while the severity of crashes will typically 
increase as speeds increase, and the number of crashes will increase as traffic volumes increase.  A study that 
focused on past research by Levinson, and Gluck (1999) identified access points as the main source of crashes and 
congestion on roadways.  It was determined from over 50 years of research data that crash rates increase as a result 
of more access points (e.g. driveways) (Levinson, et al. 1997). A study in Minnesota by Staffeld (1953) concluded 
that when comparing 4 to 20 access points per mile the accident rate more than doubled, while a study by Head 
(1959) focusing on commercial driveway types also found that crash rates increased as the number of driveways on 
a roadway increased.  The Bureau of Public Roads conducted a study in 1970 that focused on businesses per mile, 
and concluded that increasing the businesses per mile from 1 to 100 would result in an increase in crash rates from 
1.26 to 17.18 accidents per million miles traveled (Cirillo et al., 1970).  In more recent years the crash rate vs. access 
points have been investigated by the Oregon DOT, noting that the crash rates increase in urban areas where access 
point are common, typically within the city limits and in urbanized areas.  However, the study found that access 
points per mile have a less significant effect when the roadway is divided by a median, typical on a parkway 
(Urbitran Associates & Levinson et al., 1995). A study in British Columbia (Li, 1993) investigated the impacts of 
access management with a focus on driveways, and found through statistical modeling that increasing the number of 
driveways from (10 to 25) to (16 to 40) per mile would result in an increase in crash rates by 85 percent. The 
different approach was used in the Highway Capacity Manual (HCM) to quantify the impact of access points on 
roadway capacity. HCM uses adjustment factors for multi-lane highways to predict the flow of traffic on roadways 
by type when alterations from some base condition are present.  The access point adjustment factor uses the number 
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of access points per mile, and assumes that a minimum number of access points per mile will always be present 
(National Research Council, 2010). 
However, none of the past studies have quantified the true effect a driveway presents on segments, as a result the 
impact of a single driveway type on a roadway is not fully understood.  
3. Methodology 
3.1. Driveway types 
The HSM defines seven driveway types: major commercial, minor commercial, major industrial-institutional, 
minor industrial-institutional, major residential, minor residential, and other. Major driveways are defined as having 
more than 50 parking spaces, while minor driveways are defined as having fewer than 50 parking spaces. 
Commercial driveways provide access to retail, residential driveways provide access to single and multi-family 
dwellings, and industrial-institutional driveways provide access to factories, warehouses, schools, hospitals, 
churches, offices, public facilities, or places of employment.  Commercial sites with open access along the property 
are considered as two driveways in the HSM (AASHTO 2010). While driveway types are defined in the HSM some 
types such as commercial may have fewer than 50 parking spaces, but have an extremely high turnover rate.  The 
high turnover rate or presence of a drive-thru is not accounted for so a wide distribution of expected safety impacts 
can be expected.   
Because of the diversity of driveway types on all roadways in urban areas classification of driveways by type 
must first be established in order to isolate the safety impacts of each.  In alliance with the HSM, driveways will be 
classified as commercial, industrial-institutional and residential, further broken down by the number of parking 
spaces.  This study will further classify driveways with the presence of a drive-thru on commercial properties 
separately.  
Commercial driveways give access to places of business that sell a product or service, and typically have high 
turnover rates due to persons entering the business to make a purchase and then promptly leaving the property.  
Industrial driveways give access to places of employment typically factories or warehouses.  Institutional driveways 
carry more vehicles and include schools, hospitals, churches and public facilities.  Residential driveways consist of 
only two types: single and multi-family homes.  Residential can be further defined as a place of residence and may 
include apartment complexes within the multi-family home classification. One driveway type that needs special 
attention is that of commercial properties with a drive-thru, the reason being that commercial properties have a wide 
range of traffic volumes and one of the distinguishing differences can be linked to the presence of a drive-thru 
common at fast food restaurants.   
The approach selected for the study began with conducting a detailed literature review to study the existing 
methods to quantify the safety of driveways density and driveway type and to establish the current definition used to 
classify driveway types.  The second step was to randomly select driveways on arterials with similar design 
characteristics to negate the impacts of different geometric factors and speeds, where crash data was available.  
Crash data from the Illinois Department of Transportation was used, and Google Earth was utilized to identify 
driveways and collect cross-sectional information.  A total of 60 driveways of each type where selected at random 
and the associated crashes within each functional area identified. Finally the crash rate for each of the selected 
driveways was calculated and used in statistical testing to identify differences in driveway type. 
3.2. Impact areas of a driveway 
The impact area of a driveway that was considered in the study parallels that of past research, which identified 
the upstream functional area to be the area needed to make lane changes, decelerate, and exit the roadway and the 
downstream functional area to be the area needed to enter the roadway and accelerate to travel speed. The impact 
area typically includes no more than 250 feet upstream and downstream of the access point. A problem that is 
present due to the abundance of driveways along urban roadways is that the functional area of one driveway 
typically overlaps with the functional area of adjacent driveways.  To ensure the effects of a single driveway are 
identified the functional area of driveways were divided into segments based on the distance between adjacent 
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driveways. Fig. 1 shows how the impacted areas will be defined where the vertical lines depict the defined 
functional area of an individual driveway in the overlapping condition. In this study driveways to the same property 
will share a functional area. Only those crashes falling within the specified functional area of each driveway will be 
assigned to that driveway, this approach was chosen due to the fact that origin destination information is not 
available so crashes could not be assigned based on entry or exit points. 
 
 
Fig. 1. Impact Area of a Driveway 
3.3. Data collection 
During the data collection process it was quickly determined that driveways giving access to properties with 
more than 50 parking spaces are typically signalized, so further investigation into the safety impacts were not 
practical on state-maintained urban arterials in Illinois.  Crash data was obtained for five years from the Illinois 
Department of Transportation (IDOT) with a range of years from 2005-2009.  The data was sorted and only the 
crashes occurring on state-maintained routes were plotted for use in the analysis.  All crashes on the state-
maintained roadways in the cities of interest were plotted, using color coding for severity.  Property damage only 
(PDO) crashes were plotted with a yellow placeholder and injury crashes were plotted with a red placeholder.  There 
were no fatal crashes at the driveways of interest, but fatal crashes along the routes were plotted using a black 
placeholder.    
The roadway data need in the study was primarily collected from Google Earth aerial imagery.  Data collected 
from aerial imagery included: roadway classification, lane configuration, driveway type, driveway classification, 
and the functional area of each driveway.  Other geometrics were observed using aerial imagery to ensure an 
accurate comparison between sites.  Some site visits were conducted to ensure the quality of the data.  A total of 60 
driveways of each type were selected based on power testing for the paired T-Test with a power of 0.9 and alpha of 
0.05. 
4. Data Analysis 
To establish the true effects of driveways by type on roadways a statistical approach was taken.  Tests were 
conducted on the crash data including analysis of variance (ANOVA), and the paired t-test.  ANOVA was also used 
to identify the impacts of the inputs AADT and segment length vs. the outcome of crash frequency and crash rates.    
  
The data was first tested using the ANOVA, where all driveway types were tested against each other for 
differences by comparing the sample means.  The ANOVA test indicated that some differences may exist between 
sample means.  The hypothesis and test statistics are shown in Eq. (1) and Eq. (2). The test was performed at the 95 
percent confidence level.  The results indicated that some differences between sample means do exist which was 
reinforced by the low p-value of less than 0.001. 
 
Ho : μ1 = μ2 = μ3 = μ4                      Fo  < Fα, a-1, N-a                                      (1) 
580   Michael Williamson and Huaguo Zhou /  Procedia - Social and Behavioral Sciences  138 ( 2014 )  576 – 583 
 
H1 : Some means are different         Fo  > Fα, a-1, N-a                                      (2) 
 
Fα, a-1, N-a = F0.05, 3, 236 = 2.60    Fo= 19.73        . 
 
The next test performed on the data was the paired t-test, used to identify differences between two sample means, 
or in this case, test for differences in the crash rates associated with each driveway type.  The test was performed at 
the 95 percent confidence level and identified differences between all driveway types.  The test statistics are shown 
in Eq. (3) and Eq. (4), where Ho represents means that are equal and H1 represents means that are different at the 
specified level of confidence. 
 
Ho : μi = μj                                           | to | < tα, n-1                                           (3) 
 
  H1 : μi ≠ μj                                        | to | > tα, n-1                                           (4) 
  
The results of all paired t-tests can be seen in Table 1, differences were found to exist between all comparisons at 
a level of α = 0.05, indicating all driveways preform differently at the α = 0.05 level of confidence. 
 
Table 1. Paired T-Test Results  
Driveway comparison T-Value Test Statistics P-Value Differences 
Commercial vs. Residential 4.69 2.001 0.000 Yes 
Commercial vs. Industrial-Institutional 2.62 2.001 0.011 Yes 
Commercial vs. Drive-thru -2.34 2.001 0.022 Yes 
Residential vs. Industrial-Institutional -2.27 2.001 0.027 Yes 
Residential vs. Drive-thru -6.91 2.001 0.000 Yes 
Industrial-Institutional vs. Drive-thru -6.03 2.001 0.000 Yes 
 
ANOVA was again used to test the effect of each input parameter on the crash frequency vs. crash rate.  The test 
was performed to ensure that the use of crash rate would not have an impact on the study outcome.  Crash rate was 
selected as a measure because it neutralizes the effects of AADT and segment length, an approach needed because 
the AADT was not constant at enough locations to group and functional area length varied at each driveway based 
on the previous definition. The Institute of Transportation Engineer’s (ITE) Manual of Transportation Engineering 
Studies provides detailed information on crash rate calculation procedures (Institute of Transportation Engineers 
2010).  The crash rate method is widely accepted in practice for identifying roadways with an elevated number of 
crashes.  Eq. (5) shows the crash rate calculation formula that can be used to identify the crash rate of each driveway 
in the study.   
 
R = (1,000,000 × A) / (365 × T × V × L)                                             (5) 
 
Where: 
R = crash rate (Crashes per million vehicle per mile) 
A = the number of reported crashes 
T = the time frame of the analysis in years 
V = the average annual daily traffic volume of the segment 
L = the length of the selected roadway segment in miles 
 
The first analysis was conducted with ANOVA using crash frequency as the result against the inputs of AADT 
and segment length.  The results indicate that segment AADT and length have an effect at a level of α = 0.05 on the 
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number of crashes indicated by the high F-values and low p-values. No effects were present from AADT or segment 
length when using crash rates indicated by the low F-values and high p-values.  The test proved that using crash rate 
in the analysis of driveway safety effects is not influenced by different AADT levels or varying functional area 
length.  The test statistic and results can be seen in formulas 6, 7 and Table 2. 
 
Ho : μi = μj                                Fo  < Fα, a-1, N-a                                           (6) 
 
  H1 : μi ≠ μj               Fo  > Fα, a-1, N-a                                           (7) 
 
Table 2. ANOVA Test Results  
 Coefficients Fo Test Statistics P-Value Effects present 
Crash frequency 
AADT 19.614 3.840 0.000 Yes 
Length 31.818 3.840 0.000 Yes 
Crash rate 
AADT 0.4715 3.840 0.493 No 
Length 0.2170 3.840 0.642 No 
 
The final step in the statistical analysis of the crash data was to identify the mean or expected value associated 
with each driveway type, which depicts the expected crash rate of each driveway type.  The results show driveways 
with access to a commercial property with a drive thru such as a McDonalds have the highest crash rate.  The second 
highest crash rate was for commercial properties followed by industrial-institutional properties. Residential 
driveways have the lowest crash rate of all types tested in the study.  The results can be seen in Table 3. 
 
Table 3. Average Crash Rates for Each Driveway Type  
Driveway type Crash rate 
Drive-thru 4.081 
Commercial 2.837 
Industrial-institutional 1.563 
Residential 0.613 
5. Equivalence Factors 
Knowing the expected crash rate associated with the four driveway types, an equivalence factor could be 
calculated for the purpose of comparing safety effects of different driveways.  The driveway with the least amount 
of crashes was used as the base and all other driveway types were compared to that base for the purpose of 
establishing a ratio or equivalence factor that provides a way to compare different driveway types in terms of safety.  
Residential driveways were used as the base, next industrial-institutional, commercial and commercial with a drive-
thru where compared to the base to identify the expected increase in crash rates from the base condition.  Table 4 
depicts the calculated equivalence factors that can be used to predict the expected increase in crash rate from the 
base condition. For example, the number of crashes that can be expected on average from one commercial driveway 
servicing a drive-thru would be 6.7 times more than a residential driveway.  This means that in terms of its safety 
impact residential driveways are 6.7 times safer than a commercial driveway that services a drive-thru.  Conclusions 
regarding the safety of other the driveway types used in the study can determined in a similar manner from Table 4, 
for the purpose of evaluating the impact of adding a driveway to a roadway or changing the functional type.     
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Table 4. Equivalence Factors between Different Driveway Types  
Driveway type Equivalence factors 
Drive-thru 6.66 
Commercial 4.63 
Industrial-institutional 2.55 
Residential 1.00 
6. Future Work 
The author is currently working on other roadway types including two-lane undivided, two-lane with a two-way 
left turn lane, and four-lane undivided.  The goal is to identify with some degree of certainty how many crashes can 
be expected by from each driveway by type on different roadway types.  Crash modification factors will also be 
developed using the cross-sectional method for use with the Highway Safety Manuals predictions method. 
7. Conclusions 
The safety impacts of driveways on urban roadways are of interest to public safety.  The effects of driveways 
have been investigated by many past studies but the focus has always been on access points per mile instead of 
individual driveways.  As a result, the true safety impacts of each driveway were not fully understood.  
This study used statistical analysis to establish with 95 percent confidence (e.g. α = 0.05) that different driveway 
types perform differently and to identify the safety characteristics of each individual type of driveway in the 
overlapping condition.  Commercial driveways with a drive-thru were first investigated in this study and its safety 
impacts were identified.  The expected crash rates for commercial with drive-thru, commercial, industrial-
institutional, and residential driveways were calculated and equivalence factors were calculated.  The results showed 
that drive-thru driveway has a largest impact on the roadway safety and residential driveway has the lowest safety 
impacts. The results can give a better understanding of safety impacts of different driveway types defined by the 
HSM. The equivalence factors can be used engineers and planners to convert different driveways to the base 
condition (residential driveway) to better measure the safety impacts of driveway density on urban 5 lane arterials. 
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